BACKGROUND: Respiratory syncytial virus (RSV) is the leading cause of upper and lower respiratory tract infections in infants and young children. Most children are exposed to the virus before they are 2 years old and experience such symptoms as cough, fever, and irritability. In a select population of infants, the virus can cause hypoxemia and hospitalization. To avoid hospitalization, good infection control practices should be employed, and for those infants at high risk, prophylaxis with palivizumab is indicated. Palivizumab has been shown to reduce hospitalization rates in high-risk infants by 50%. Because of the high cost of palivizumab, it is prudent to use this medication in the population in which it will be most effective. The American Academy of Pediatrics (AAP) established the criteria for those infants who would benefit the most from palivizumab prophylaxis, and these criteria were the foundation for a prior authorization (PA) program to determine coverage of palivizumab in a health plan of approximately 500,000 members.
• Respiratory syncytial virus (RSV) is the most common cause of bronchiolitis and pneumonia among infants and children younger than 1 year of age.
• Palivizumab has been shown in studies to reduce the frequency of RSV-related hospitalization in high-risk infants by 50%.
• Palivizumab is an expensive medication, with wholesale acquisition cost (WAC) in 2009 of $955 per 50 mg (0.5 mL) vial and $1,802 per 100 mg (1 mL) vial. • Joffe et al. (1999) found that the cost per avoided hospitalization associated with immunoprophylaxis with palivizumab ranged from $12,000 in the highest-risk infants to $420,000 in lowerrisk infants-gestational age 33-36 weeks, used less than 28 days oxygen in the neonatal intensive care unit (NICU), and were discharged between December and August (1995 dollars).
What is already known about this subject R E S E A R C H
R espiratory syncytial virus (RSV) is the most common cause of bronchiolitis and pneumonia among infants and children under 1 year of age. 1 Illness begins most frequently with fever, runny nose, cough, and wheezing. During their first RSV infection, between 25% and 40% of infants and young children have signs or symptoms of bronchiolitis or pneumonia, and 0.5% to 2% require hospitalization.
2 Most children recover from illness in 8 to 15 days. 2 The majority of children hospitalized for RSV infection are younger than 6 months of age.
2 RSV also causes infections throughout life, usually associated with moderate-tosevere cold-like symptoms; however, severe lower respiratory tract disease may occur at any age, especially among the elderly or among those with compromised cardiac, pulmonary, or immune systems. 3 In temperate climates, RSV infections usually occur during annual community outbreaks, often lasting 4 to 6 months, during the late fall, winter, or early spring months. The timing and severity of outbreaks in a community vary from year to year. 4, 5 The typical RSV season in Utah, where the present study was conducted, generally begins in December and lasts through April. SelectHealth, a 500,000-member integrated health system based in Salt Lake City, defines the RSV season based on local epidemiological data.
Development of an RSV vaccine is a high research priority, but one is not yet available. Current prevention options include good infection-control practices and palivizumab (Synagis), a monoclonal antibody. Palivizumab works by exhibiting neutralizing and fusion-inhibitory activity against RSV. This mechanism has been shown to inhibit RSV replication in laboratory experiments. 6 Palivizumab can be given during the RSV outbreak season to prevent serious lower respiratory tract disease caused by RSV in pediatric patients at high risk for serious RSV disease (e.g., those with chronic lung disease [CLD] , infants born prematurely
Description of the Outcomes of Prior Authorization of Palivizumab for Prevention of Respiratory Syncytial Virus Infection in a Managed Care Organization
with or without CLD, and those with congenital heart disease [CHD]). 6 Palivizumab has no potential for infectious contamination, is given intramuscularly, and does not interfere with the timing of administration of vaccines. 7 The first dose should be administered prior to commencement of the RSV season, and high-risk infants born during the RSV season may receive palivizumab prophylaxis from birth. At the time that the present study was conducted, high-risk infants received palivizumab until the end of the RSV season and thus could have received 1 to 5 injections depending on their month of birth.
The cost of RSV prophylaxis versus the cost of hospitalization continues to be debated. According to the National Institutes of Health, each year up to 125,000 infants under 1 year of age are hospitalized because of severe RSV disease. 8 Palivizumab is a costly drug with a wholesale acquisition cost (WAC) in 2009 of $955 per 50 mg (0.5 mL) vial or $1,802 per 100 mg (1.0 mL) vial, 9 leading to debate regarding which children should receive such prophylaxis. Lofland et al. (2000) found the incremental cost per RSV infection episode avoided ranged from $2,702 to $79,706 when the cost per course of palivizumab was $4,500. When the cost per course of palivizumab was $2,500, cost per RSV infection avoided ranged from $0 to $39,591.
10 An analysis by Joffe et al. (1999) that explored the cost-effectiveness of palivizumab when targeting high-risk patient subgroups found that the cost per avoided RSV hospitalization was estimated at approximately $12,000 in 1995 dollars in the highest-risk patient subgroup (gestational age 23-32 weeks who received at least 28 days of oxygen in the neonatal intensive care unit [NICU] and were discharged from the NICU between September and November).
11 However, the cost per avoided hospitalization was as high as $420,000 in the subgroup of infants whose gestational age was 33-36 weeks, who received less than 28 days oxygen in the NICU, and who were discharged between December and August, demonstrating the high cost of prophylaxis in lower-risk subgroups.
11
Due to the high cost of palivizumab and its special target population, palivizumab is a good candidate for prior authorization (PA). According to a survey of health plans conducted in December 2008, 81% of respondents indicated that they currently require PA for palivizumab. 12 In order to ensure that palivizumab is used appropriately, SelectHealth has required PA for palivizumab since the time that it became commercially available. The SelectHealth PA criteria that were in place at the time of the present study were based on a high-risk population subset (Figure 1 ) that corresponds to the American Academy of Pediatrics (AAP) 2006 guidelines (Appendix). 13 The objective of the present study was to analyze in a real-world setting the outcomes of application of PA criteria required by SelectHealth for palivizumab when given prophylactically for RSV, including the financial cost associated with the disease. Guidelines by the AAP define a select population for which palivizumab is recommended. Many health plans have adopted the AAP guidelines to create coverage policies for this select patient population. To our knowledge, this is the first • This is the first published study to determine rates of hospitalizations, emergency room (ER) visits, and drug cost avoidance associated with the application of prior authorization (PA) criteria for coverage determination of palivizumab.
• Over 3 RSV seasons ending in May 2008 in a 500,000-member health plan, drug cost avoidance associated with the PA program was estimated to be $2,418,600 for 348 infants denied coverage of palivizumab, with no significant difference in the rate of RSVrelated hospitalization or ER visits between the PA-denied group (4.3%, n = 15) and the PA-approved group (6.6%, n = 42).
• Drug cost avoidance can be realized through application of PA criteria to determine appropriate use of palivizumab, and there was no significant difference in the proportion of infants with at least 1 RSV hospitalization, comparing infants who received palivizumab (6.4%) with infants who were denied palivizumab (4.0%, P = 0.055).
What this study adds
are reimbursed based on the submitted Health Insurance Claim Form (CMS-1500), which requires the use of either a HCPCS or CPT code, and there is no field designated for NDC numbers on the CMS-1500. Based on these limitations, SelectHealth collects NDCs when possible but chooses to reimburse based on the CPT code. The PA-denied group in this study was composed of those infants who did not meet the PA requirements and whose requests for coverage of palivizumab were denied. Disease-related utilization was defined as any claim billed from an inpatient hospital with either a primary or secondary International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code for any of the following: RSV (079.6), acute bronchiolitis caused by RSV (466.11), or pneumonia caused by RSV (480.1). Inpatient visits were identified by CPT codes 99221-99239 (indicating inpatient evaluation and management). Emergency room (ER) visits were identified as services billed from an ER with corresponding CPT codes 99281-99285 (indicating ER evaluation and management). Gender, gestational age, and palivizumab utilization data were obtained from the health plan's electronic claims database.
Outcome measures included incidence and cost of inpatient hospital stays and ER visits, the number of palivizumab doses per infant, the cost of palivizumab, and deaths. ER visits and inpatient hospitalizations were included in the analysis if they occurred during the same season that palivizumab was requested. Hospital and ER costs were expressed as total allowed amount, defined as the contracted reimbursement rate based on submitted diagnosis related group (DRG) codes per associated RSV treatment episode. Payment based on DRG includes all services and drugs provided to the infants related to the specific inpatient or ER encounter. Drug cost avoided was calculated as the average cost of palivizumab per treatment episode multiplied by the number of infants denied coverage of palivizumab over the 3-year study published analysis of the outcomes associated with a health plan's PA criteria for coverage determination of palivizumab. The results of the present analysis were anticipated to provide assistance in refining the PA criteria for the appropriate use of palivizumab in this 500,000-member health plan.
■■ Methods
This exploratory and descriptive study was a retrospective analysis of an administrative claims database. All members enrolled in the health plan during any of 3 RSV seasons- 2005-2006, 2006-2007, or 2007-2008 -were eligible for the study. Continuous enrollment was not part of the inclusion criteria because eligible infants could be born during the study period, limiting the number of months they were enrolled. Infants were included in the analysis if they had a PA request for palivizumab submitted for 1 or more of the 3 RSV seasons. PA requests are submitted to the health plan via fax by health care physicians or specialty pharmacies. These requests could be submitted prior to or during the RSV season. If approved, authorizations were entered for infants to receive up to 5 doses of palivizumab from November through April of the requested RSV season. All PA requests were reviewed by a clinical pharmacist, and benefit determination was based on the health plan's criteria ( Figure 1 ).
The PA-approved group was composed of infants who met the PA criteria, were approved for palivizumab coverage, and received at least 1 dose of palivizumab (Current Procedural Terminology 
SelectHealth Prior Authorization Criteria for Use of Palivizumab a
Prior authorization approval and coverage of palivizumab are contingent on the member meeting 1 of the 3 following criteria:
1. Less than 2 years of age with CLD requiring medical therapy (such as supplemental oxygen, bronchodilator, diuretic or corticosteroid therapy) within 6 months before start of RSV season, or the infant has hemodynamically significant CHD 
■■ Results
Providers submitted PA requests for palivizumab for a total of 1,090 infants over the 3 RSV seasons, of which 742 (68.1%) were approved and 348 (31.9%) were denied. Of the 742 PA approvals, 629 infants had at least 1 paid claim for palivizumab in their electronic claims record and were included in the analysis (Table   1) ; the 113 infants without a paid claim for palivizumab were excluded from the analysis. The cohort of PA-approved infants was 40.1% female (n = 252) compared with 46.0% (n = 160) in the PA-denied cohort (P = 0.422). The mean (SD) gestational age was lower in the PA-approved group (32.5 [4.0] weeks) compared with the PA-denied group (34.4 [2.5] weeks, P < 0.001).
Of the 348 infants who were denied coverage for palivizumab, 5 (1.4%) had a documented RSV-related ER visit, and 14 (4.0%) had an RSV-related hospital stay ( Table 1) . Four of the 5 infants with an ER visit had subsequent inpatient hospital claims for RSV. Of the 629 infants who met the PA criteria and received palivizumab, 14 (2.2%) had an ER visit, and 40 (6.4%) were hospitalized for an RSV infection. Of the 14 infants with an ER visit, 12 also had resulting inpatient hospitalizations. One infant who received palivizumab died of respiratory failure. There were no deaths in the PA-denied group. The mean gestational ages were not significantly different for the PA-denied group compared with the PA-approved group for the infants who had at least 1 RSVrelated hospitalization or at least 1 RSV-related ER visit (Table 1) . 
Statistical tests (Fisher's Exact for proportions and Student's t-test for means) of between-group differences, comparing the PA-approved versus PA-denied groups. b Utilization and costs for hospital and ER visits with ICD-9-CM codes for RSV (079.6), acute bronchiolitis caused by RSV (466.11), or pneumonia caused by RSV (480.1). ER = emergency room; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; PA = prior authorization; RSV = respiratory syncytial virus; SD = standard deviation.
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Between-group comparisons showed that the proportion of infants with an ER visit was significantly lower in the PA-denied group (1.4%, n = 5) than in the PA-approved group (2.2%, n = 14; P = 0.019). Additionally, of those who were denied palivizumab, per-infant inpatient hospital costs ($210.23) and total costs ($222.56) were significantly lower for the PA-denied group than for the PA-approved group ($822.60 and $8,533.82; P = 0.015 and P = 0.002, respectively). The mean gestational age of the PA-approved group (32.5 weeks) was significantly lower than the mean gestational age of the PA-denied group (34.4 weeks, P < 0.001).
The total cost of palivizumab over the 3 seasons was $4,844,435 ($7,702 per unique infant or $6,950 per treatment episode; Table 2 
■■ Discussion
This study assessed the experience of a 500,000-member health plan in implementing guideline-based coverage criteria for the use of palivizumab. Of the infants who were denied palivizumab coverage, 4.3% were hospitalized or had an ER visit, compared with 6.6% for the infants who were approved for coverage of palivizumab (P = 0.060). The rates of RSV-related hospitalization for PA-approved infants and PA-denied infants did not significantly differ (6.4% vs. 4.0%, P = 0.055). Our RSV-related hospitalization rate of 6.4% for PA-approved infants and 4.0% for PA-denied infants compares with an average annual RSV-related hospitalization rate of 1.7% for children less than 6 months of age in the sample studied by Hall et al. (2009) that included both high-risk and low-risk children younger than 5 years of age. 14 Hall et al. found that the RSV-related hospitalization rate was 1.7% for the youngest infants (0-5 months of age) but dropped off dramatically to 0.5% for 6 to 11 months of age, 0.3% for 12 to 23 months of age, and 0.04% for 24 to 59 months of age. Overall for children aged 0 to 59 months, 0.3% were hospitalized and 2.8% were seen in ERs for the treatment of RSV.
For patients receiving palivizumab, only 2 randomized controlled trials have investigated the efficacy of palivizumab in reducing RSV-associated hospitalizations. The IMpact-RSV clinical trial results for the 1996-1997 RSV season for children with either prematurity up to 35 weeks gestation or bronchopulmonary dysplasia/chronic lung disease (BPD/CLD) showed that the palivizumab-treated group had a 4.8% rate of RSV-related hospitalization compared with a 10.6% rate for the placebo group (P < 0.001). 15 Broad variability has been demonstrated in observational analyses reporting hospitalization rates associated with RSV. Estimates of RSV-related hospitalizations by the Institute of Medicine (IOM; 1985) suggested that only 55,000 U.S. infants younger than 1 year of age were hospitalized for bronchiolitis or pneumonia that might be RSV-related. 16 Shay et al. (1999) later reported in an analysis of U.S. National Hospital Discharge Survey (NHDS) data for 1980-1996 that the rate of hospitalization for bronchiolitis for children less than 1 year of age had increased more than 2-fold over the 17-year study period, from 12.9 per 1,000 in 1980 to 31.2 per 1,000 in 1996; 57% of bronchiolitisassociated hospitalizations occurred among infants younger than 6 months of age and 81% among those younger than 1 year of age. 17 More recently, NHDS data for 1997-2002 show that RSV-related hospitalization rates increased an additional 25% among infants less than 1 year of age. 18 Shay et al. theorized that the burden of RSV may be increasing due to an increase in the prevalence of child care for younger children and revised criteria for hospitalization; diagnostic coding and the virulence of RSV strains were probably not factors. However, only attendance in child care was found to be a risk factor in the reported incidence of RSV-related hospitalization.
In our study, the observed RSV hospitalization rates are higher than reported in the IMpact-RSV clinical trials. One possible explanation is the demonstrated increasing rate of reported RSVrelated hospitalizations since the 1980s. While national rates of RSV-related hospitalization range from 0.5% to 2%, there is significant geographical variation. Demographically, Utah residents have a higher proportion of children under the age of 5 (9.8%) and a greater number of persons per household (3.13) compared 
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with national data (6.9% and 2.59, respectively). 19 More young children in our population could contribute to higher proportion of infants with school-aged siblings, more prevalent day care attendance, or crowded living conditions. Each of these have been identified as risk factors for severe RSV disease.
20,21
Our observational analysis demonstrated significantly lower costs of hospitalization for the PA-denied group compared with the PA-approved group. Common reasons for denial of PA submissions within SelectHealth include infants older than 2 years of age, no documented CHD or CLD requiring continued medical therapy, gestational age greater than 35 weeks, or gestational age 32-35 weeks without the presence of risk factors (Figure 1) . Each of these characteristics imposes a greater risk for severe RSV infection. Based on the reasons for PA denial, the PA-denied group is a more healthy population. This is supported by the comparison of the gestational age, where the PA-approved group had a significantly lower gestational age than the PA-denied group. However, we found no difference in ER costs for the PA-denied group compared with the PA-approved group. We did not measure the severity of illness in the infants who had ER visits or hospitalization.
Our outcomes analysis found value in this PA program for palivizumab based on the 2006 AAP criteria. The AAP released modified recommendations for the use of palivizumab in September 2009. 22 The new recommendations were updated in an effort to ensure optimal balance of benefit and cost from this expensive intervention based on additional data on risk factors for identifying children who are at increased risk of serious RSV lower respiratory tract disease. The 2009 AAP recommendations emphasize 4 main points. 1. Initiation and termination of prophylaxis have been modified to reflect RSV seasonality in different geographic locations; emphasis has been placed on the use of local epidemiologic data to define the peak outbreak months. Early initiation or continuation of therapy during months in which RSV is not widely circulating provides little benefit. 2. The dosing schedule remains unchanged for infants before 32 weeks 0 days gestation who have CHD or CLD. The recommendation for a maximum number of 5 doses is emphasized for all geographic locations for infants meeting these criteria. 3. No more than 3 doses are recommended for infants with a gestational age between 32 weeks 0 days and 34 weeks 6 days who are without hemodynamically significant CHD or CLD who otherwise qualify for prophylaxis. 4. Infants born between 32 weeks 0 days and 34 weeks 6 days gestation qualify for prophylaxis if they have at least 1 of 2 risk factors but should receive prophylaxis only until they reach 90 days of age or a maximum of 3 doses (whichever occurs first). Risk factors have been modified to include only the following: the infant is in child care or 1 or more siblings or other children younger than age 5 live permanently in the child's household. 22 SelectHealth examined the revised AAP recommendations released online in September 2009 and incorporated the new criteria in the PA process for the 2009-2010 RSV season. 23 The only modification that directly impacts the PA criteria is the recommendation for infants born between 32 weeks 0 days and 34 weeks 6 days gestation. Infants requesting coverage of palivizumab based on this criteria will be approved only if they have 1 of the following risk factors: either the infant is in child care or has siblings younger than age 5 in their household. If palivizumab is approved, coverage is limited to no more than 3 doses or until 90 days of age, whichever occurs first. The SelectHealth PA form consistent with the revised AAP recommendations was updated in September 2009 and is available via the SelectHealth Web portal at www.selecthealth.org/pharmacy.
23
Limitations First, relevant infant-specific data, such as history of underlying conditions that predispose an infant to respiratory complications (e.g., neurologic disease in very low birth weight infants, number of young siblings, child care center attendance, and exposure to tobacco smoke in the home), cannot be identified through electronic claims data and may affect the findings of this study. Second, this study is an exploratory descriptive analysis and its observational design prevents attribution of causality. Third, we did not assess compliance with the recommended number of injections or the vaccination schedule and did not require continuous eligibility for the infants; however, for SelectHealth the annual renewal rate has been 95.5%. Thus, we do not know if infants in the sample were enrolled in the health plan for the entire RSV season when palivizumab was requested. Fourth, the present study assumed that a diagnosis of RSV recorded in an administrative claim is accurate. Fifth, this study was an observational analysis that examined only the cost of RSV-related hospitalization and RSV-related ER visits, not total RSV-related costs including office visits and outpatient treatment costs.
■■ Conclusion RSV infections are common among young infants and can result in hospitalization for those at high risk. Palivizumab is an expensive medication that when given as prophylaxis can reduce hospitalization rates. Because of the high direct drug cost of palivizumab, PA criteria have been established to restrict coverage of the medication to the infants who would benefit most. Our 3-year retrospective analysis showed that the PA program was associated with significant palivizumab drug cost avoidance of more than $2.4 million in a 500,000-member health plan. These drug cost savings were achieved without apparent adverse clinical outcomes in the rate of RSV-related hospitalization or RSVrelated ER visits. Although exploratory, these results suggest that implementation of PA criteria for palivizumab in accordance with clinical guidelines is associated with significant drug cost avoidance without an increase in the cost or the incidence of ER visits or inpatient hospitalizations associated with RSV infections. 
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APPEnDIx
Palivizumab Administration Recommendations from the American Academy of Pediatrics in 2006 a
• Infants and children less than 24 months of age with CLD of prematurity who have required medical therapy within the past 6 months
• Infants born at greater than 28 weeks and less than 32 weeks gestation with or without CLD who are less than 6 months of age at the start of the RSV season
• Infants born at 28 weeks of gestation or less with or without CLD and who are less than 12 months of age at the start of the RSV season
• Infants born between 32 and 35 weeks gestation without CLD who are less than 6 months of age and who have 2 or more of the following risk factors: school age siblings; day-care attendance; exposure to environmental air pollutants; congenital abnormalities of the airways; severe neuromuscular disease
• Infants and children 24 months of age and younger with hemodynamically significant cyanotic and acyanotic congenital heart disease; need for prophylaxis based on degree of physiologic cardiovascular compromise
• Infants less than 24 months of age with congenital heart disease that would benefit most from palivizumab include: infants receiving medication to control congestive heart failure; infants with moderate to severe pulmonary hypertension; infants with cyanotic heart disease • For infants and children requiring cardiopulmonary bypass and receiving palivizumab, a postoperative dose should be considered; mean decrease in palivizumab serum concentration of 58% following procedures requiring cardiopulmonary bypass 
